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ORCHIDEE-SOM, first, simulates soil carbon dynamics for different layers, down to 2 m 23 depth. Second, concentration of dissolved organic carbon (DOC) and its transport are modeled.
24
Finally, soil organic carbon (SOC) decomposition is considered taking into account the priming 25 effect. carbon to global warming.
Introduction

43
The complexity of the mechanisms involved in controlling soil activity (Jastrow et al., 2007) 44 and therefore the carbon flux from the soil to the atmosphere makes predicting the response of 45 these systems to climate change extremely complex. Thus our ability to predict future changes 46 in carbon stocks in soils using global climate models of the processes governing storage and 47 destocking at variable time and space scales is currently heavily criticized 48 2013; Wieder et al., 2013) . Indeed, Earth System Models (ESMs) are increasingly used today production (GPP) and heterotrophic soil respiration.
61
Despite the importance of soils as a large component of the global carbon storage, the soil 62 compartments are not well represented in LSMs (Todd-Brown et al., 2013) . Indeed, carbon 63 dynamics in soil described in LSMs are founded on the model "Century" (Parton et al., 1987) 64 or the Roth-C model (Coleman et al., 1997) where soil carbon is represented as several pools,
65
with different turnover rates for each pool. Carbon is decomposed in each pool, one part is then 66 transferred from one pool to another and the other part is lost through heterotrophic respiration.
67
In addition, soils are generally represented as a single-layer box in LSMs that do not take into 68 account the evolution and variation of soil organic processes as a function of depth (Todd-69 Brown et al., 2013) .
70
One way to reconcile thIS simplified representation of carbon dynamics of the models with the 71 complexity of the data collected in the field is to integrate isotopic tracers into the models (Delibrias et al., 1964; Hua et al., 2013 1960s (Balesdent and Guillet, 1982; Scharpenseel and Schiffmann, 1977) .
97
In (Ducoudré et al., 1993; de Rosnay and Polcher, 1998) , the Surface-vegetation-atmosphere 107 transfer scheme, describing the soil water budget and energy and water exchanges. The time 108 step of this module is 30 min. Second, module of the vegetation dynamics which has been taken 109 from the dynamic global vegetation model LPJ (Sitch et al., 2003 Environmental Prediction (NCEP) (Kalnay et al., 1996) .
120
Our starting point is the ORCHIDEE-SOM version, based on the SVN r3340 version (Krinner 121 et al., 2005) , which is presented in details in Camino- Serrano et al. (2017) . Figure 1 represents 122 how the soil is described in this new version. Indeed, the major particularity of ORCHIDEE-
123
SOM is that it simulates the dynamics of soil carbon for 11 layers from the surface to 2 m depth.
124
First, litter is divided into four pools: metabolic or structural litter pools which can be found Guenet et al. (2016) .
134
Since the soil profile is divided into 11 layers, SOC and DOC transport following the diffusion 135 is also described. SOC diffusion is actually a representation of bioturbation processes (animal
136
(and plant) activity), whereas DOC diffuses through concentration gradients.
137
This is represented using the Fick's law (Braakhekke et al., 2011; Elzein and Balesdent, 1995; 138 O'Brien and Stout, 1978; Wynn et al., 2005) : LMC14 facility (Cottereau et al., 2007) . varying from 40% at the surface to 60% at 1m depth. 14 C measurements were made using a new
212
Compact Radiocarbon System called ECHoMICADAS (Environment, Climate, Human, Mini
213
Carbon Dating System) (Tisnérat-Laborde et al., 2015) .
214
For the four sites, the SOC (kg m -3 ), for each depth z, using the following equation was 215 calculated using carbon content and bulk density data:
Where OCC (wt %) is the carbon content and BD (kg m -3 ) is the bulk density.
218
Different model tests
219
After the implementation of radiocarbon in the model, different tests were made (Table 2 ). Here potential of soils by a factor of nearly two. So, the suggestion (that we apply in this 231 simulation) for the IPSL model was to multiply by 14 the turnover rate of the passive 232 pool and by 0.07 the flux from slow pool to passive pool (Table 2) . So, here, the iiiSimulation using the initial version ORCHIDEE-SOM-14 C in which we assume that the years) was also done after the end of the first to take into account the change of the land cover 250 from a tropical forest to a C4 savanna at this site (Schwartz et al., 1992) . The atmospheric CO2 251 concentration has been set at 296 ppm (year 1901, (Keeling and Whorf, 2006) ) for the spinups.
252
For each site, specific pH, clay content and bulk density values were used ( Where x ̅ and y ̅ are the means of xi (model outputs) and yi (measurements) respectively.
283
SB is a part of the MSD (Eq.13) and represents the bias of the simulation from the measurement.
SDs is the Standard Deviation of the simulation.
SDm is the Standard Deviation of the measurements.
Where r is the correlation coefficient between the simulation and measurements. 
294
LSC represents the lack of positive correlation weighted by the standard deviations.
295
Finally, with all the above terms combined, the MSD can be written as:
For the different simulations, the MSD and its components were calculated according to the 298 total soil carbon and to the F 14 C. (Table 3) . 70% and 60% respectively. This reflects that the average of total soil carbon over the soil profile 319 simulated by the model is primarily the origin of the deviation of the model outputs from data.
320
The mean total soil carbon estimated by the model ( and Misiones, respectively). This means that for these two sites, the deviation between model 329 outputs and measurements is mainly due to a variation of carbon stock estimation throughout 330 the profile. The mean total soil carbon estimated in these both cases (Table 3) is only 1.7 to 2 331 times higher than those measured (65 kg C m -3 estimated against 31 kg C m -3 measured for
332
Misiones and 24 kg C m -3 estimated against 14 kg C m -3 measured for Feucherolles).
333
The vertical profile of the SOC stock simulated was thereby globally not very far from that of show decreasing 14 C activity with depth ( Figure 5 ).
341
The estimated profiles (Model-Control) follow the same trend with a decrease from the surface carbon is much younger than the observed total soil carbon, probably because ORCHIDEE-
361
SOM simulates a relatively small proportion of passive pool in the lower soil horizons ( Figure   362 7), while an increasing proportion of passive carbon with soil depth could be expected.
363
In brief, SOC stocks are generally overestimated and soil carbon age in deep soils (as shown 364 by the F 14 C) is underestimated, suggesting that the turnover rate of passive pool is subject to 365 improvements in ORCHIDEE-SOM. Balesdent, 1995; Guenet et al., 2013; Koven et al., 2013; O'Brien and Stout, 1978; Wynn et al., 406 2005). Using a fixed diffusion constant implicitly suggests that soil fauna activity is uniform 407 over the entire soil profile. This is fact generally the case of several models of diffusion 408 especially used at the level of an ecosystem (Bruun et al., 2007; Guimberteau et al., 2017; 409 O'Brien and Stout, 1978) . However soil faunal activity vary naturally with depth, in addition,
410
the characteristics of a soil, i.e. its structure and pore distribution, may vary depending on the 411 depth, so, the diffusion coefficient should be depth-dependent (Jagercikova et al., 2014) .
412
With Model_Test Diffusion, the carbon profiles (orange dashed curves) was improved 413 compared to the initial outputs (Model_Control). The overestimation at the surface decreases 414 at the four sites (Figure 3 ). In particular, the Misiones outputs fit very well the observed profiles.
415
This is confirmed with lower MSDs for the four sites for this version compared to
416
Model_Control showing a much smaller deviation from the measurements (Figure 4 ).
417
Anyway, the total SOC stocks simulated according to this third simulation are closer to the Guimberteau, M., Zhu, D., Maignan, F., Huang, Y., Yue, C., Dantec-Nédélec, S., Ottlé, C.,
539
Jornet-Puig, A., Bastos, A., Laurent, P., Goll, D., Bowring, S., Chang, J., Guenet, B., Tifafi,
540
M., Peng, S., Krinner, G., Ducharne, A., Wang, F., Wang, T., Wang, X., Wang, Y., Yin, Z., 
